Allicin (diallyl thiosulfinate) is the main component of fresh garlic with multi-bioactivities as therapeutic agent. Recently, allicin is being proposed as alternative therapy for aphthous ulcer. The purpose of this study was to determine the effect of topical allicin in aqueous garlic extract on re-epithelialization during healing of acetic acid induced oral ulcer model. Thirty males SD rats aged 2 months were equally divided into two groups as experimental and control groups. After sedated with 0.2 ml intramuscular Ketamine injection, ulcer model was made by applying 99.5% glacial acetic acid-moistened paper disc on rat buccal mucosa. This would generate an immediate necrotic tissue, which produced a single crateriform ulcer in each of the experimental rats for the next two days. In the experimental group, one drop of allicin was applied twice daily onto the lesion. Three rats in each group were sacrificed on days 2, 3, 6, 9 and 12 after induction and were recorded as H 0 , H 1 , H 4 , H 7 and H 10 groups, respectively. The tissue samples from buccal mucosa were processed for Hematoxylin Eosin (HE) staining, and then evaluated histologically. Re-epithelialization was assessed by measuring the thickness of the epithelium using an ocular micrometer under a light microscope. Data were analyzed statistically by Independent t-test with significant p-values of <0.05 (95%). Based on histological findings and trend graphs, it can be concluded that the topical application of allicin can accelerate re-epithelialization of ulcer healing process. This study suggests that allicin in aqueous garlic extract could be developed as therapeutic agent for aphthous ulcer.
Introduction
Oral or mouth ulcers are a common pathological condition found in the oral cavity. Greenberg and Glick 1 defined an ulcer as a defect in the epithelium; which is a well-circumscribed depressed lesion over which the epidermal layer has been lost. Prevalence of oral ulcers is estimated at more than 25 percent of the population worldwide 2 . Oral ulcers can be caused by various factors, although in some cases, the etiology cannot be identified. Several factors have been known to cause oral ulcers include trauma as traumatic injury, chemical and thermal trauma; various infectious agents; drugs or medications; hormonal disorders, nutrient deficiencies and 2-4 can be a feature of various systemic disorders including inflammatory bowel disease 5 .
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The management of oral ulcers often necessi tates a comprehensive approach occasionally involving more than one subspecialty 6 , which are aimed at management of underlying disease [6] [7] [8] [9] . The treatments of oral ulcers depend on the etiology which is intended primarily for symptom management by suppressing inflammatory responses, as well as reducing frequency of recurrences or avoiding the occurrence of new ulcers 7, 8, 10 . It can be obtained through non-therapeutic and therapeutic management. Non-therapeutic treatment includes supportive measures with attention to immaculate oral hygiene, prevent trauma or avoid certain foods. Therapeutic treatment options comprise anti-inflammatory agents, antibiotics, immunomodulatory agents and others
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. It can be administered topically or systemically. However the use of topical medications is the most popular method 1,9 , with corticosteroid as drug of choice 9 .
The existence of some therapies, such as topical corticosteroids, mouth rinses, antibiotics, anesthetic gel or pastilles and immunomodulatory agent supports the fact that there is currently no uniform therapeutic preparation in managing mouth ulcers
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. The usage of herbal medicine is widespread worldwide and growing with the increasing number of herbal products as complementary or alternative treatment
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. Garlic is one of the herbal medicines that are being developed as therapeutic agents 13 . Allicin is an unstable organosulfur compounds, which is immediately formed through enzymatic reactions of alliin by alliinase when garlic is crushed 14, 15 . It has multiple bioactive properties, such as anti-inflammatory, anti-thrombotic, anti-microbial, anti-atherosclerotic, anti-cancer, serum lipid lowering activity 14 , immunomodulatory agent and antioxidant, which are expected to accelerate the healing process of mouth ulcers and prevent recurrence 9 . Wound healing is exceedingly controlled and well-coordinated process that involves inflammation, cell proliferation, matrix deposition and tissue remodeling 16, 17 . Wound healing process involves several parameters, such as inflammatory cell count, angiogenesis asessment, re-epithelialization, fibroblast or collagen fiber density, and so on. In this study, we investigated the effect of topical allicin in aqueous garlic extract on re-epithelialization during healing of rat acetic acid induced oral ulcer model.
Materials and Methods

Allicin Preparation
Garlic bulbs (Allium sativum L.) were purchased from traditional market (Yogyakarta, Indonesia). Dried garlic bulbs (about 250 g) were blended with 2000 ml of water as solvent, prepared for maceration procedures for 24 hours, afterward it was filtered three times with a Buchner funnel which fitted with filter paper. The end result of maceration was collected into a porcelain cup and heated on water bath while stirring. Furthermore, 50 grams of dried garlic extract was dissolved in 500 ml of sterile distilled water to obtain a concentration of 10%. Afterward the dilution was tested by thin layer chromatography (TLC) methods to determine the existence of an active ingredient of allicin in aqueous garlic extract. The test parameters was disulfide group (-SS). It is considered positive for the existence of allicin if there was a peak referred to disulfide group in the report form. The solution of aqueous extract of garlic was stored in sterile dark bottles at a temperature of 4 0 C. It can be used for more than 3 months and remain in stable condition 14 .
Experimental Procedures
Sprague Dawley rats weighing 180-250 g were divided randomly into 2 groups of 15 animals each. The study began after receiving approval from the Ethics Committee for Health and Medical Research of The Faculty of Medicine, Universitas Gadjah Mada for animal care and experimental protocol. The rats were fed with a standard laboratory diet and water ad libitum. An oral ulcer model was made by modification based on Slomiany and Fujisawa 8, 18 . After the rats were sedated with Ketamine (0.2 ml) injection, a 4 mm filter paper disc (Whatman No. 1) soaked in glacial acetic acid (99.5%) was applied to the left buccal mucosa of the rats for 40 seconds. This would generate an immediate tissue necrosis, which then produce a single crateriform ulcer in each of the experimental rats 2 days later. The ulcer normally would remain up to 14 days 8 .
In the experimental group, one drop of allicin was applied twice daily to the lesion. Three rats in 
Results and Discussion
In this study, oral ulcer model was used to determine the effectiveness of topical application of allicin from aqueous extract of garlic (Allium sativum L.) on reepithelialization during healing process of oral ulcer. Re-epithelialization is one of a sequence complex in the wound healing process, which is achieved through the course of migration, proliferation and differentiation of keratinocytes
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. The sequences of re-epithelialization during ulcer healing process were assessed by measuring the thickness of epithelial layer on two opposite edges of the ulcer. The results are shown in Table 1 and Figure 1 . There was no epithelial thickness difference between control and experimental groups in period H 0 (p>0.05), and measurement results in the next period showed a highly significant differences of the epithelial thickness between period H 1 to H 10 (p<0.01).
Statistically, t-test analysis showed no significant difference in epithelial thickness between control and experimental groups (p>0.05) at the period of H 0 (Table 1) . This is because the topical application of allicin was started on the day-2 post-induction of acetic acid glacial, wherein this period was considered as the first day of ulcer (period H 0 ) with both groups had the same characteristic of oral ulcers. On the next observation, the epithelial thickness between both control and experimental groups showed significant differences from the period of H 1 through H 10 (p<0.05) as shown in Table 1 .
On histopathology observations, both control and experimental groups in period H 0 showed severe damage of the epithelial layer accompanied by cellular changes, such as infiltration of inflammatory cells. In the period H 1 , control group showed no change in the appearance of epithelial layer with scattered inflammatory cell infiltration. Meanwhile, the experimental group showed the new epithelial layer and the wound started to close (Figure 1, arrow) . The epithelial layer of the tissue specimen in the experimental group at period H 4 had completely closed and showed the formation of rete pegs (connective tissue papillae) better than the control group in the same period. The thickness of the epithelial layer in the experimental group at period of H 7 became thinner and continued until entering the period of H 10 , whereas in the control group, the epithelial layer appeared thickened. The control group also showed widening formation of rete pegs. The new epithelial layer in the experimental group had begun to appear along the margin of the ulcer during the period of H 1 , while the other groups remained damaged (Figure 1 ). This probably due to an ability of allicin to immediately initiate the healing process. As an anti-inflammatory agent, allicin started an immunomodulatory activity and accelerated the process of inflammation. The ability of allicin to penetrate the phospholipids membrane contributes to its bioactivity 20 . The loss of epithelial continuity that occurs during ulceration facilitates allicin to penetrate easily into the wound area and release its various bioactive contents.
The process of inflammatory is essential to generate mediators that further will initiate the repair phase 21, 22 . However the excessive inflammatory response can lead to cell death and The new epithelial layer in the experimental group had begun to appear along the margin of the ulcer during the period of H 1 , while the other groups remained damaged (Figure 1 ). This probably due to an ability of allicin to immediately initiate the healing process. As an anti-inflammatory agent, allicin started an immunomodulatory activity and acce lerated the process of inflammation. The ability of allicin to penetrate the phospholipids membrane contributes to its bioactivity 20 . The loss of epithelial continuity that occurs during ulceration facilitates allicin to penetrate easily into the wound area and release its various bioactive contents.
The process of inflammatory is essential to gene rate mediators that further will initiate the repair phase 21, 22 . However the excessive inflammatory response can lead to cell death and alter the composition of the extracellular matrix.
This can occur as a result from the failure of the re-epithelialization 23 . The ability of allicin as an anti-inflammatory and immunomodulatory agent happens via negative feedback mechanism. Whereby allicin can spontaneously reduce and suppress TNF-α, and the next stimulates secretion of IL-1, IL-6, IL-8, and leukotriene by lowe ring the levels of mRNA and inhibits activation of nuclear factor-κB (NFκ-B). Allicin is also capable of stimulating the production of IL-10 which in turn would suppress the production of TNF-α and IL-2, IL-6, IL-12 by T cells and ICAM. All of the cytokines and chemokines play a role in the regulation of cellular responses 11 . Therefore allicin is capable to suppress the excessive inflammatory process. Through that way, the next phase of tissue healing may occur more quickly and favorable.
On subsequent observations, it appeared that epithelial thickness on experimental group reached its peak during the period of H 4 and then decreased from the period of H 7 and lasted during the period of H 10 , at the same time, the epithelium on control group still remain thickened in the period of H 10 (Figure 1 and 2) . Furthermore, the arrangement of rete pegs on experimental group better structured than the control group (Figure 1) . The formation of rete pegs showed better re-epithelialization in order to re-establish normal epithelial tissues 24 , as it forms from an elongated papillary epithelial toward the contact area, so that the surface of epithelium, inner vations and vascularization within connective tissue will increases to support the optimal epithelial growth 25 . The depletion of the epithelial thickness of the experimental group started in the period of H 7 , this explained that the healing process has entered a stage of maturation and remodeling, meanwhile in the control group the epithelial layer still continued to thicken until the end of period of H 10 . This was suspected that the healing process in the control group was still running on proliferative phase. This result is consistent with the other research, which reported that in the allicin group significantly showed lower density of inflammatory cells while fibrocyte and fibroblast density is higher than other groups on the day 7 after wounding 21 . In this study, six days after acetic acid glacial induction (in the period of H 4 ) the thickness of the epithelium of the experimental group was showed significantly higher than the control group. It is indicate that the experimental group had entered the healing process, so that the next stages of proliferation, maturation and remodeling can occur more quickly.
Prolonged inflammatory response may inhibit wound healing process 26 , because the emergence of proliferative growth factors such as TGF-β was inhibited. TGF-β is a growth factor which control the regulatory function of fibroblasts, is also be able to increase transcription of fibroblast genes to synthesize collagen 16 . Synthesis and deposition of collagen by fibroblasts are critical parts during the proliferative phase 17 . The proliferation phase will ended after enough collagen is produced along with the decreased of fibroblasts density 27 . In this study, topical application of allicin showed that inflammatory process in the experimental group occurs faster than in the control group. Thus, the appearance of growth factors is crucial for the optimal healing process and rapidly re-epithelialization. The ability of allicin as an antimicrobial defense plays a role in circumventing the wound from infection and keeping the epithelial tissue from excessive response. The organosulfur components contained in garlic, such as alliin, diallyl sulfides, and allicin are also known as mole cules that have the potential to protect the body from the danger of free radicals by modulating the activity of GSH oxidation and inhibiting reduction of NFκ-B activation in T cells 28 . Moreover, allicin can increase cellular antioxidant enzyme, so that it can restore the impaired antioxidant defense system in patients with aphthous ulcer and preventing the recurrences 11 . Activities that contribute directly to the mechanism of allicin in modulating keratinocyte cells until now have not yet been explained in detail. Even so, based on the overall results, it was indicated that the re-epithelialization in experimental group with allicin occurs more rapidly. The existence of multiple bioactive allicin in aqueous extract garlic can repair and restore oral tissue continuity as the novel state; hence the healing process of oral ulcers can occur faster.
Conclusion
Based on histological findings and statistical analysis, it can be concluded that the topical application of allicin can accelerate re-epithelialization of ulcer healing process. This study suggests that allicin in aqueous garlic extract could be developed as an alternative therapeutic agent for aphthous ulcer.
